Selenium, an element widely distributed on the earth's crust and required for the synthesis of the essential amino acid selenocysteine, is highly toxic at M concentrations (1) . In aerated environments, selenium occurs predominantly in the high-valence soluble selenate (SeO 4 2Ϫ , ϩVI) and selenite (SeO 3 2Ϫ , ϩIV) forms, while the dominant species in anaerobic sediments is the insoluble elemental selenium [Se(0)]. Microorganisms are involved in the geochemical cycle of selenium due to their ability to enzymatically reduce Se(IV) and Se(VI) (10) . Depending on the considered species, the microbial reduction functions as a detoxification mechanism (4, 6) , maintains the redox poise (23), or is part of a respiratory electron chain (2, 9, 17, 20) . Oxyanions of tellurium, an element of the same group (XVI) in the peri- odic table as selenium, are also reduced by various bacterial species (5, 21) .
Shewanella oneidensis (formerly Shewanella putrefaciens) MR-1 (22) , a facultatively anaerobic ␥-proteobacterium, possesses remarkably diverse respiratory capacities, including the ability to reduce metals like Fe(III) and Mn(IV) and radionuclides (7, 8, 12, 13, 16) .
In this report, we analyze the reduction process of selenite and tellurite by this bacterium. The liquid cultures of S. oneidensis MR-1 grown either aerobically or anaerobically in the presence of Se(IV) or Te(IV) turned red (18) or black (5), respectively, proving the ability of this bacterium to reduce these oxyanions to their elemental forms. To assess the cellular localization of the reduced deposits, bacterial cells were analyzed by means of three different microscopes (laser scanning confocal microscope, environmental scanning electron microscope [ESEM] , and transmission electron microscope [TEM] ). In the case of selenite, spherical deposits, identified as Se(0) by energy dispersion of X rays (EDX) (data not shown), were detected in the medium or attached to the cells (Fig. 1A through C), suggesting that selenite reduction occurs at the surface of the cell. Reduction at the cell surface, related to the electron transfer capacity of cytochrome c (11) on the outer membrane, has already been reported in the case of insoluble Mn(IV) and Fe(III) oxides (14) . In the case of tellurite, needle-like inclusions identified as Te(0) by EDX analysis were localized in the cytoplasm or near the cytoplasmic membrane (Fig. 1D) as already reported for other tellurite-reducing bacteria (21) .
The influence of Se(IV) on the bacterial growth was measured under both aerobic and anaerobic conditions ( Fig. 2A  and B) . Under aerobic conditions, Se(IV) concentrations higher than 0.2 mM affected both the growth rate and the final cell yield. The bacteria appeared to be more sensitive to Se(IV) addition under anaerobic conditions, as shown by the decreases of 48% and 52% in growth rate and the final cell yield, respectively, observed for 0.2 mM Se(IV) (Fig. 2B) . While Se(IV) reduction occurred only in the late stationary phase under aerobic conditions (Fig. 2C) , this process followed roughly the growth curve under anaerobic conditions (Fig.  2D) . Interestingly, the addition of 2 mM selenite to aerobic cultures at different times during the growth was followed by an immediate reduction (Fig. 2C) . This observation and the relative fast reduction observed under anaerobiosis suggest that the selenite reduction process was highly dependent on the O 2 concentration in the culture medium as previously reported for Stenotrophomonas maltophilia (3). We have therefore determined the influence of the O 2 concentration, from 0 to 250 M, on the yield of Se(IV) reduction. The Se(IV) reduction was maximal under anaerobic conditions and decreased strongly in the presence of O 2 , reaching values as low as 5 to 7% for O 2 concentrations greater than 120 M. This Se(IV) reduction capability was induced by anaerobic conditions and not due to inactivation of some electron carriers or Under anaerobic conditions, Se(IV) reduction activity was highly dependent upon the nature of the electron donor. The best reduction was obtained for cells incubated in Luria-Bertani (LB) medium or in the presence of yeast extract. Much lower reduction yields were obtained with electron donors (lactate, formate, and pyruvate) and Casamino Acids or Bacto tryptone in phosphate buffer. The best reduction yield [13% of the maximal amount of Se(IV) reduced in LB medium] was obtained with lactate. Se(IV) reduction yield was also influenced by the presence of different terminal electron acceptors (fumarate, nitrate, nitrite, TMAO [trimethylamine-N-oxide], and dimethyl sulfoxide). Addition of these different electron acceptors resulted in almost 95% inhibition of Se(IV) reduction. Se(IV) reduction occurred, however, after a long period of growth, probably after complete reduction of the added terminal electron acceptor.
The Te(IV) reduction was also inhibited by the addition of fumarate, nitrate, and nitrite but was not affected by dimethyl sulfoxide or TMAO. The various electron acceptors used are the substrates for periplasmic terminal reductases of S. oneidensis, which are all supplied with electrons by the membranebound tetracytochrome c, CymA (19) . We have therefore examined the role of CymA in the oxyanion reduction capability. A mutant from which cymA is deleted (15) is still able to reduce selenite or tellurite (data not shown). We therefore conclude that competition for electrons between Se(IV) reduction and the various electron acceptors tested occurs upstream from the electron carrier CymA, possibly at the quinone pool level.
The difference in the localizations of Se(0) and Te(0) deposits (Fig. 1) , together with the differential effect of terminal electron acceptors, suggests that the reduction mechanisms of Se(IV) and Te(IV) are distinct processes. Further proof was obtained by comparing the effects of various inhibitors on these processes. For example, 2-n-heptyl-4-hydroxyquinoline-N-oxide (HQNO), antimycin A, pCMB, and potassium cyanide inhibited the Se(IV) reduction process, while the Te(IV) reduction was affected only by the two former inhibitors. In conclusion, despite their close positions in the periodic table in the XVI group, the two oxyanions, selenite and tellurite, are reduced by two distinct pathways in S. oneidensis. Clearly, additional work is needed to describe in more detail the molecular mechanisms of the reduction of these two oxyanions by S. oneidensis.
